analyzer is mounted on the magnetometer boom of the spinning section of the Galileo spacecraft such that this rotation, together with 
V3-axis is directed parallel to B, and V2 is parallel to B x V,, where V, is the antisolar direction in a right-handed Cartesian coordinate system. The gyration speed is V = IV x BI/B. 17 (1985) . 19 . To obtain an estimate of the anticipated densities of pickup hydrogen ions, we use the atmospheric model for atomic hydrogen (13) and assume a onedimensional geometry with V, * B = 0 and a radial column density of atomic hydrogen. (3) (4) (5) . The pressure level where the short-wavelength contrasts are formed is -50 mbar (6). This is at a level some 65 to 70 km above the surface, where the temperature is about 230 K. The cloud tops are part of a deep system of haze and cloud layers, consisting ofsulfuric acid droplets, that extends upward above the 45-km level (2 bar; 370 K). There are three dominant layers (7) with additional thin, highly stratified haze layers found at great heights above the main cloud deck (8, 9) . Features in the ultraviolet show variable zonal motions of -100 m s`over the planet's equator. This "super"-rotation is in the same direction as that of the solid planet but is about 50 times faster; it is also found to be variable on time scales of years. At high latitudes there are large-scale jets with amplitudes that also vary; these jets sometimes are absent, causing the cloud tops to follow a rigid-body rotation profile. Poleward meridional motions (up to -10 m sol) have consistently been measured, and there is evidence for a solar-locked pattern in the markings that indicates strong horizontal divergence in the flow related to the subsolar region. Finally, there is evidence for the presence of equatorial and mid-latitude planetary-scale waves that propagate in the cloud layers relative to the flow. These waves, through some mechanism not yet understood, appear to give rise to the dark markings at the largest scale.
Even with this knowledge, researchers have a poor understanding of the processes that maintain the vigorous circulation of the atmosphere (10) . In particular, there is no observational evidence for an equatorward momentum transport, which would be an important factor in explaining the observed spin of the atmosphere. Very little is known about the dynamical transports at small spatial scales and short time scales, and the possibility that transports might be organized to provide equatorward transport of zonal momentum is ofconsiderable interest. The capabilities of the Galileo camera permitted us to address a major part of our experiment to this question. It was made at a phase angle of 4T. We used such models as a tool to remove the background run ofbrightness from the images so that the morphology of the smaller scale markings is easier to discern. Most of the difference between the data and model predictions is due to real contrast variations over the disk. These are about 25% in the violet and 3% in the NIR. Figure 1 displays a series of NIR and violet image pairs. The violet frames show sloping striations that form a global spiral toward the pole, familiar from previous imaging experiments; on global scales the Venus cloud deck has a strikingly symmetrical and laminar-like dynamical appearance. The mottled area at low latitudes in the afternoon quadrant is also familiar and has been attributed to convection (4) . The general pattern is consistent with formation of clouds at low latitudes with no particular alignment or elongation, followed by shearing and stretching as the clouds drift poleward (11) . The bright collar at high latitudes is thought to be part of a polar circulation and has also been observed previously.
The patterns in the NIR image have never been observed before. There is a suggestion of a spiral pattern at mid-latitudes. The contrast in the polar regions seems to be reversed, with the bright violet collar replaced by a dark one. In addition, there is a strong discontinuity in brightness running north-south across the equator, just downwind ofthe subsolar region. This feature can be seen to migrate with the zonal flow through the subsolar region, apparently in step with a related feature seen in the violet (probably associated with the structures at the "root" of the horizontal Y feature often seen in images of the Venus ultraviolet markings, but only weakly evident in the Galileo images). The tilt of the mid-latitude spirals is smaller than that of the violet striations, although closer inspection of the violet images shows a smaller tilt for largescale features than that for small ones. As in the violet, clouds tend to be patchy at low latitudes and linear or streaky at mid-and high latitudes. This result is consistent with the same hypothesis described above for formation of the general pattern in the violet. It suggests that the same mechanism is at work at the deeper level where the NIR contrasts are formed.
We have checked this hypothesis by studying a short movie sequence of violet feature track frames. We have investigated whether there are cloud features in common between the NIR and violet images by forming a cross-correlation image. Using the last pair of images of Fig. 1 , we evaluated the cross-correlation within a sliding box 30 pixels square (the planetary diameter is about 600 pixels) and formed the image displayed in Fig. 2 Fig. 3 . Because the cloud top rotation period is -4 days, these frames show the morphology of the entire cloud deck (as well as it can be determined from monitoring one side of the planet). Frames covering the entire 7-day period of Galileo imaging are linked together in cylindrical projection in Fig. 4A . At this epoch, the large-scale dark and light patterns that sometimes form the famous YT' feature do not seem to be strong but are evident.
Patches of bright-rimmed cellular features (noted above) can also be seen in this picture. Figure 4B shows (4, 5) . In the case of the Galileo data, the results are still preliminary. We have measured 1529 tracers in violet and 126 in the NIR. The NIR features are larger than the violet ones and much more diffuse. There are a large number of violet images yet to be measured, and improved techniques are being developed to increase the accuracy with the NIR images.
Zonal mean velocities of violet features are displayed in Fig. 5 . Averages were formed by binning the data in 24-hour intervals and then averaging these bins with equal weight. Thus, each sector of the rotating cloud deck is given roughly equal weight, in spite of the fact that many more tracers were located in the images of higher resolution. The average in latitude was formed with sliding bins 150 wide. The violet tracers show somewhat larger zonal winds (u = 101 -+ 1 m s-1 at the equator, where u is the eastward velocity) than those in most previous epochs (Fig. 6) (18) , whereas the experience with the Venera probes is mixed (10) . We can make a very rough estimate of the possible vertical separation of the violet and NIR markings using the average shear estimated on the basis of the sum of the probe experience, that is, -1.5 m s'`km-l. With this as a guide, the violet and NIR markings could be separated by as much as 15 kin, which would place the NIR markings somewhere toward the bottom of the middle cloud layer. However, we must stress that An independent estimate of the meridional drift velocity of NIR features can be made if one adopts the assumption described above that mid-latitude streaks are caused by shearing ofblobs formed near the equator. The amount ofshear, and therefore the tilt ofstreaks, is then related to the shear stngth and the length of time that it takes for a blob to drift to midlatitudes. Under these conditions, blobs stretch out to conform approximately to streamlines (11) , as observedin the frame rotatingwith the equatorial velocity. The Fig. 8 . Map of high-resolution velocity vectors.
The mean rotation profile has been subtracted. Note the more turbulent appearance of the afternoon sector. These measurements were made from images 18229900, 18229945, 18240700, and 18240745. The arrows show the displacement that would occur in a 12-hour time period; the actual time lapse between the image pairs is 2 hours.
cloud deck associated with the violet markings, the thermal structure of the atmosphere is not susceptible to buoyant instability. There is no evidence in the Galileo images for the circumequatorial belt phenomena seen by or the formation of "bowlike" waves upstream of the subsolar region. There is, however, evidence for a "detached" remnant of a bowlike wave structure that can be seen propagating downstream in the image sequence in Fig. 1 .
When the velocity field in solar-fixed coordinates is examined as a function of time, an interesting behavior appears. It is displayed in juxtaposition with the cylindrical projection in Fig. 4B . A periodic oscillation of the zonal velocity with an amplitude of about 10 m sl is strongly suggested, although the data do not extend over a long enough time interval to verify the periodicity. Del Genio and Rossow (5) discovered a similar zonal wind oscillation in Pioneer Venus data. In the Galileo observations, the oscillation exhibits a particularly large amplitude. Del Genio and Rossow attribute the oscillation to a Kelvin wave propagating slightly faster than the cloud top rotation.
If venusian lightning flashes have power characteristics and frequency of occurrence similar to that of terrestrial lightning (21) and spectral characteristics similar to those suggested by Borucki et al. (22) , then it is only marginally possible that they could be detected by the SSI camera. Nevertheless, in view of the considerable interest in Venus lightning, ten frames were devoted to a search. No indications for the presence of lightning flashes were found in these pictures. By chance, four images included the bright star K-Geminorum (brightness V = 3.57 magnitude; G8) at a distance of 1.3 mrad from the dark limb, and we used this object as a guide to make a rough estimate of 27 SEPTEMBER 1991 the energy in a flash that we would have just failed to detect. We found that any Venus flashes would have had to exceed a total optical energy per flash of -4 x 109 J to have been detected. This is roughly three orders of magnitude brighter than a typical terrestrial flash.
Three pairs of images of the limb of Venus were obtained through the violet and NIR filters between 1.5 and 3.6 hours after closest approach to define the vertical structure of the cloud layer above 85 km (-1 mbar; 180 K). Two pairs ofimages captured the limb near 48°and 57N with resolutions of 0.5 (violet) and 0.9 km per pixel (NIR), and one pair included the limb near 20S when the resolution had fallen to 1 and 1.8 km per pixel, respectively (these resolution estimates take into account smear during the exposures). Figure 9 illustrates the derived run of extinction coefficient with height above the surface at the three latitudes, derived with an inversion program developed to analyze limb images in the Voyager program (23) . Allowance was made for scattering from both the direct solar beam and the light reflected from the lower lying, optically thick cloud deck with a model developed by Hapke and co-workers (9) . The zero point for the height scale was made with the assumption that the half intensity points along the limb are at a radius of 6136 km in both filters (12) and that the surface is at a radius of 6051 km. The profiles should be most accurate in the altitude range from 83 to 96 km. At lower altitudes, the slant path optical depth exceeds unity, and the inversion rapidly loses accuracy; at higher altitudes, the data become too noisy. The upturn in the extinction coefficients above 96 km is an artifact ofthe inversion program that results from a combination of low signal-to-noise and uncertainties in the level of the zero-point brightness value. Additional uncertainties are introduced by the presence of weak ghost images induced by the front aperture cover (12) . We have simulated the effects of these ghost images and find that they will not introduce any localized artifacts at the altitudes in the above range. The ghosts can, however, cause substantial changes in the derived extinction coefficients and aerosol scale heights. We estimate that the latter may be increased by 10 and 20% (violet and NIR, respectively) over their true values between 87 and 96 km by this effect. We have not included the influence of far-field scattered light in this preliminary analysis, but this influence is not expected to be significant.
The extinction profiles at common latitudes are effectively the same at both wavelengths and share similar shapes and magnitudes (Fig. 9 ). This implies that particle scattering, rather than molecular scattering, is chiefly responsible for the observed light at relatively high altitudes in the atmosphere and that the mean size of the scatterers is at least a few tenths of a micrometer, in accord with results from Pioneer Venus at lower altitudes (6) . The more subdued amplitude ofthe prominent local maximum near 90 km at 57N in the violet filter may indicate that Rayleigh scattering is beginning to show its presence at 418 nm (8) .
The low latitude profiles show a smooth decline in extinction with increasing altitude with no evidence for a discrete layer. However, the extinction coefficient displays a significantly sharper decline with increasing altitude from about 84 to 87 km (scale height = 1.7 km) than from 87 to 94 km (scale height = 4.5 km, approximately the same as the local gas scale height). The higher latitude profiles differ from the above in that they show evidence for a discrete layer near 90 km and a larger scale height (-3.1 km) in the lower altitude region.
Generally, the behavior of limb hazes seen by Galileo is similar to that seen in Mariner 10 images (8, 9) . However, the local maxima on the Mariner 10 images occurred at lower altitudes (79 to 85 km) and were most marked at low latitudes, and the discrete layers had larger amplitudes than the ones seen at higher latitudes in the Galileo images obtained 15 years later.
The above comparisons imply that significant changes in the upper levels ofthe cloud occur on time scales of years, in accord with changes in gas abundance and particle properties derived from Pioneer Venus data at similar altitudes (8, 24 (Fig. 1) of the central meridian. We used the results of well-calibrated spacecaft experiments (4, 5) to normalize our absolute intensities.
The images from wavelengths of 8.57 and 11.52 Am (Fig. 1) show the greatest intensity contrast across the disk, a result of the strong dependence of their brightness on temperature. The east-west orientation of the scan rows is evident as narrow streaks, particularly near the limb of Venus, arising from short-term seeing and transparency variations. Evident in most of these images is a hot feature at the south pole. Hot features have been observed at the poles since the earliest thermal maps (6) . This feature is consistent with Pioneer Venus Orbiter Infrared Radiometer (OIR) observations (7) of a bright, elongated feature at the north pole, rotating retrograde with a period of some 3 days. A much cooler "collar" surrounds the hot pole. Closer to the equator, the planet is brighter and contains lower contrast bands. None of these features is axisymmetric or stationary in earth-or solar-fixed coordinates.
The cold circumpolar collar and the brighter bands can also be seen in mosaics created from the images at each wavelength (Fig. 2) . The direction of scans is evident as the nearly horizontal narrow bands sloping slightly upward toward higher longitudes. The best match of features contained in separate images implies an offset of roughly 90°in longitude per earth day, consistent with the 4-day retrograde period associated with ultraviolet features (8) . The hot polar feature is confined to latitudes poleward of about 70°, and the collar is confined to latitudes between 500 and 700, also consistent with the Pioneer Venus OIR results (4, 7) . Except at 8.57 gm, the mosaics also show a cool region poleward of 450N. The presence of a northern counterpart of the south pole collar is consistent with Galileo PPR maps and Near Infrared Mapping Spectrometer (NIMS) images of Venus from 5-,um thermal emission from the same cloud deck (9) , but this collar is warmer than its southern counterpart. Images ofthe thermal emission of the night side of Venus at shorter wavelengths (9, 10) show a dark area near the pole that could correspond to the collar. Figure 2 shows a relatively bright streak between 30°and 500S and a fainter streak between 200 and 40WS. There is no morphology in the Venus night side nearinfrared data (9, 10) that immediately corresponds with these features. If the streaks are caused by a variation of cloud optical thickness, the cloud layer in question may be only one of several different components of a cloud system discernible at the shorter wavelengths.
The general morphology of brightness temperature features on Venus appears to be similar for all wavelengths greater than 8.57 pum, even at 13 
